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Three Geometrically Similar bnginea are installed in aloan Laboratory 
for the purpose of investigating the effect of eiase on engine characteristics 
and performance a 

A theory haa been formulated, which states that in similar engines 
operating at the same piston speed, if the ratio of oil viscosity to bore 
(characteristic dimension) is the same for ell engines, then INEF, f P, 01 TP, 
and indicated thermal efficiency will be the same® 

Previous investigative work on the 33 engines has resulted in poor 
corrolstion of ?'Ei ; firing and but slif.-tly better oorrolation in F.S in 
the motoring condition® 

"he purpose of this thesis was to motor the engines in several stages 
of assembly, to systematically determine the mechanical friction contribution 
of each ermine part* These results were ther compared for the three er fines 
in an effort to determine the source of disagreement® 

This work finds th*t within the limits of experimental accuracy the 
motoring ?' ' i and 1WEP do corforr to theory® ^he data collected on the 
srsalleet of the three engines is at varioroe with that previovely obV-inad, 
and essentially roaolvoo the past disagreement with theory® 

r he presence of a contact type rubber oil seal may oontrilute ae ®uoh 
. a 20X of the total friction ©ear effective pressure motoring in the com- 
pletely assembled condition® 

It ia recoromended that more firing data he collected to check previous 
information or firing F*£P and thot the contact type oil seala be replaced 
with nor-cortaot seals® 
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irTBODt CTIOR 

Three geometrioolly similar Internal oorabustlon engines, designed and 
constructed under the supervision of the Automotive Division of the eobanical 
Engineering Tep’t o? the aesaohueetts Institute of Technology were installed 
in "loan Laboratory during 19 ^ 7 » These engine* ware built primarily for laboratory 
investigation of theoretical similitude relations concerning pieton engines* 

The establishment of a general geometrically similar ermine theory offers attract- 
ive possibilities In developing a 'caaia for rational engine design, as contrasted 
to wholly empirical engine design* It could also r^rwit of wider application of 
use of model or snail scale engines in determining characteristics of large 
aachites* 

GE3S Theory states that in G*S* engines operating at the same piston speed, 
IMRP, ?MBF and '2 €jP must be the same for all engines, if the ratio of absolute 
oil viscosity to a characteristic distension is the aorta for all engines (5}» 

The only previous work which haa been accomplished on these engines wee 
that of CJeboury et al (1), Breed and Dowd ray (2), Lobd«*ll and Olark (5), and 
Fikel and Ko3winay (4)* The thesis by Oaboury et al indicated that IMKP in 
the three anginas operating, at the same piston opaal conformed quite cleanly 
to predicted results* However the .measured - f did not agree with theory due 
to variations ir. P-EF# Gaboury'a work included both firing an' otoring runs 
and showed somewhat better agreement in the motorin._, .'ondition than when firing* 

The purpose of this investigation is to determine the ajeonaricA.l friction 
contribution of the major components of each ®r, im to the T IP in motoring 
condition* It was hoped that such data might provide »n understanding of the 
reason for the variation of ? f T?P between the three cn*;i*wis« Also it would servo 
to check previous work* 
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The throe engines under discussion are single oylinder, four stroke, 
spark Ignition machines of 2j| # 4, and 6 inch bore. All engine dimensions 
and accessory equipment are proportioned in the aa?ne ratio as the borea (9J« 
Symnsoiosiers on the 2^ and six inch engines ere at the alternating current 
drive type with Dyrsmatio magnetic epsed control clutches® "he 4 inoh 
engine is equipped with a conventional direct current dynamometer® All 
isechiroe are equipped with a sensitive hydraulic torque measuring device 
(7)* Saoh engine is installed in ar. individual test cell counted on a 
a ;ring»su*’port«d bed plsta complete with inlet surge tank, vaporising tank 
and exhaust surge tank, Oooling water is circulated by a separate pu»p 9 
and temperature controlled through a stearj Jaoteetad heat exchanger® A 
circulating oil pump is provided for o hi^i velooity oil circuit through 
the crankoaae ar.d heat exchanger® This provides close ar.d homogenous 
temperature control of the lubricating oil® An additional oil pressure 
pump is irvtallod for bearing and cylinder lubrication® Oil and water 
olrouite are fitted with direct-reading thermometers* A thermocouple is 
installed at the tain bearing surface in eaah engine® A dia-;ra;sra»tlc sketch 
of the equipment and arrangement sr.ay bo found in Appendix *A"« 
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ftoo t , ' m 

Each angina was motored in three different conditions of ssaoobly, 
as described below and show by sketch in Appendix "B* e 
Condition *A" t Engine completely ssaetsbled* friction elements are two 
main boa rings, crank journal, piston end rings, timing gear drive yoke 
bushing, main oil seal, tiring gears end K sings, camshaft bearings, 
oa»B followers and yalvee® o ir let and exhauot pipes wars fitted, nor 
was the ignition equipment, 

Oordltlon l *f* i vrankshaft, oylir.dar, piston an 1 connecting, rod installed® 
o cylinder bead, eetcshsft gear or vi Ive puehroJs* ■■rtation olev.vrte are 
as ir. Oordiiion ’A* without idler gear »r' reive irsir.® 

.Condition 1 ; : : ranks ha ft and idl$r goer ireirlled* To cylirier, piston, 
connecting rod or camshaft gear* friction ele.er.ts are two evain bearings, 
timing gea r drive yoke bushing,, timing pirJLor, idler rear ard the weir- 
oil scale On these runs an alvuainuai sleeve was placed over t,He crank 
journal to prsvent loss of oil pressure* 

In each condition the engine* were operated over a epoed ran.-© fron 
aero to 1680 feet per minute piston speed. Oil temperature a were held 
constant at. Iy0° F*» oirculsUng water inlet at 190° f'«, circulating 
water flow rate was hold constant at ons value of flow per unit area* 

In collection of all data sufficient time was allowed for equilibrium 
conditions to prevail* A series of readings were observed t each run 
to show systematically that conditions were substantially oorstart* 

In previous work on the orgir.es, no attempt had boon made to measure 
or regulate the jacket water flow rate* ’or this investigation *®3«: e ‘* 
square edged standard orifices were inserted irto the water circulation 
system and calibrated* ^h« flrat work conducted on the 2£ H engine then 
oonsisted of a series of runs to determine what offset, if any, variation 
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in coolant Plow rate would have on angina friction results* On all 
subsequent runs a water flow of »OZk /eac./ir, 2 was arbitrarily used. 

In oorciudinp the “irst aeries of high sj-eed runs on the 2%* engine 
in ”B" condition, a sudden char, a in friotion and bearing temperature 
meeaurecrer-ts indicated the possibility of a bearing derange 1 .erto "he 
engine was dismantled and flawing off of the babbitt in the outer . *tir 
bearing was discovered, revlouo difficulty had be^n exporievced with 
these bearings in that the very thin babbitt layer •005 s ') had not been 
fully bonded to the baokirf material, /overal attempts at *naruPaoture of 
new bee rings also resulted in poor babbitt bond, ao both r.-vain bearings on 
this engine were changed using: solid phosphor brorsse a» the bearing material. 
Investigation of bearing clearances at this tiara showed that the corr ecting 
rod bearing clearance was not as specified by similitude requireme >ta* T o 
reotify this s '.rorze oor.rod bearing was i*> stalled with dleerara© Increased 
from ,001” to ,002J”, "herefore whan the 2 4 ” ©j ine wee returned to 
service all three principle bearing® had been changed to bronze with in- 
creased clearance in the connecting rod bearing 

erly in the investigation, ir. using the E©f netically-ooupled type 
of dynamometer it waa noticed that the hydraulic iorque-3oal© zero reading 
varied appreciably depardirg upon whether the aero was set ith the dynamo- 
meter motor runring or with the entire machine ehu* down, y disconnecting 
the dynamometer output shaft from the engine, it was determined th t sore for*, 
of drag existed in the magnetic coupling even > 1th no excitation on, \s a 
result ell scale zeroes were set with the dynamometer completely off, k 
scell possible error was also detected as related to the cooling water flow 
through the dymooretero Insofar as eoolin.; water ia required for normal 
opera tior, this valve waa left open when setting the soale aero. 
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At every opportunity wee »u ran*' .'la w era taker of principal engine ports 
ar.d recorded in Appendix » "’’he 2i * er<’ir© rir.-e were found to hava con- 

siderably aor« relative eprir.g tenalon than the other two « i e« a^d were 
eubeeque, tly Bodified to corsfinr arore c'oaely with eiird.iitude require ia to « 
After oo» letlrg ell other experi^er tal runs, the •*%1 b oil anal was 
r*' ovad fr-.» th* 2** engine ord the *r«’ia* run In the condition. to 
determine the .magnitude of the ‘‘fiction contribution of thla oil essl. 
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The observations resultir.j from this investigation are oortainad 
In the aubsequart data sheotst* "he smooth data is plotted In Figures 
1 to 8* -'ig* 1 shows the results obtained on the 2«* angina with 

systematically varied cooling water flow rates,. All other mechanical 
nap ourvea are for constant oooling water rate, and constcrt inlet oil 
and water temperatures* For purposes of easy oor.pariaon these date 
were plotted first for aach angina in three different conditions of 
assembly, and again for each eotdltion of assembly for the three different 
engines* 
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pi 'Xoi 

This investigation involved the first attempt to correlate the rota 
of ooolin. water flow between th* three or. i *es a After calibrating flow 
orifices, It wae intended that ea«h ws.. ui© be run with e.jual fiow per unit 
area® At the start of th< ork on «h« 2.k* seiner it became a Baiter of 
interest to determine any possible variation in friction aa a function of 
coolart flow 9 Therefore rune were sade at five diifeient flow rates and 
the reeulta plotted ir. ’'‘ig® 1® This curve shows no significant variation 
in mechanical ®oan effootive pressure that can be attributed to flow rate 
alone® 11 other friotion runs were then run -it cm start coolant flow rate 
per unit ares® 

"i.® 2 shows the results obtained on the 2& B engine® ^he results that 
were obtained in the ''B" Condition both before and after dismantling the 
online for new bearings are plotted in ?4r e % si nifioart c»ianye in 
friction oocurred after ofc»n. in* both main and co; *o*.» bearin a from babbitt 
to bronze, increaain the eonrod clearance aixt reduoir: the relative ring 
toneiosr by more than one«~half® 'ha curvaa o. 1 ( > 8 the “A’* Condition 

'oth with and without the oil seal show th&t this seal contributes « large 
propor*ion of the total friction particularly at low .-needs 'here th* seal 
probably operated largely in th© bound ry region of fluid "rietion® The 
coi late engine or * A* Monition curve is sl^lficartly lover than that 
obtained by flab oury et *1, but it must b« emphasised that in this in- 
vestigation the n i nee w»re rur. without irlet «r»3 ©xhou*t sur*/© tanks or 
piping, so that t'7© pu«pirg contribution of leboury's curve oannot be 
o > >t«r«d or. an identic© bawl?* 

figure 3 ia the result for the 4" asr-ine® On this jasohi'je the * *■* 
Jor-dition eurve i- rio*-«whet closer to floury ®' *1 than on the l&* e*gi no® 
figure 4 is the plotVd d*ta for the enpir'j* '"ha trerds ore cos. parable 
to the 4* machine. 
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Figure 5 1» the result for th© three engines in tho ’’A* ur so piste en- 
gine condition. "hose curve* show definitely that within th-: rsnge of ex- 
perimental error the motoring *T’P le the »**•« for ell exwinea. 

igure 6 ia the sans© ''or the 3" oo>’di’;lon» end el o shove th-t asechar4c- 
al Keen effective pressure for th. throe engines la tho same within the 
Unite of experimental aocuracy. 

•'igure 7 la the "T* or bajo-orsmScehaft condition of ©portion, ''"hoae 
curves show a somewhat greater spread then conditions M* and v A n , 

figure 8 comperes the friction developed in the 2 M engine with trd 
wi+hout the -*ln oil seal. The friction contribution of t la seal is largo, 
particularly at low speed whore the uasl way operate largely in the boundary 
reel® of fluid friction. It ia manifestly difficult to design and obtain 
t v i* t/pe of aasl on any besis that would guaranis® geometric similitude. 

Among the variants would be rubber hardness, area of contact, th® ct* nge of 
rubber properties with tix*e and of course surface characteristics of the 
shaft. ot© that the Esaxiauas friotion contribution of the seal in the 
2'jg* engine is ^pproxiaately one-half the total for the rt C!# or bare-orank- 
shaft condition. It woe also noted thstin running without the oil aoal the 
equilibria ter pera turns of the main bearing were considerably lower than in 
the cowparebl® condition with seels Installed. A correction for oil vinoosity 
’sight t n minify the difference between thoea two cu-v-se* 

It we» considered by the authors throughout th© experimental work that 
the scour. ay of reading the hydraulic ecale wae about »7 (»2 4 wroury 

soale reading) varying slightly between er.gi as. 

possible cause of disagreement with similar engine theory lies in the 
inherent difficulty of satisfying tho require- isr.t th t b* the ss-m in all 
englree ( >e Appendix ^B" )» ^eauting that the viscosity-temperature cheracter- 
istlce of the throe lubricating oilo used womb be similar, it is not likely 
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that the tampers lures at the friction surfaoess *ould be b< . aasue in all 
'.he enginoB, ^till another oaui* for Iv^rU *, fro\ theory i 3 the feet 
that real bearing* do not o per® 1 V s u:vter th* a ..UEpti- > i vulved in the 
ola»8iOal theory (retroff) of lut rloatiors, upon «hiob the eiy.il* r engine 
theory is based* 
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""he conclusions arising from the data of thic investigation 

are a* follow** 

1, The theory, which predicts that the ft , ®r-d ; , of 

similar engines operating at the sa^e piston speed will 
be the same, is ft valid ono, "or ermines urd«r factoring 
condition?*, 

2, The use of a contact tgpe oil seal i-bv introduce large 
friction forcas and is a component oi uncertain behaviour 
in experimental erginea of this typo, 

5, lie effect of cooling water velocity on ; . s is negligibly 
si ft 11 for motorin' dor 'itior « 
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f : .rio/s 

In viow of the airong diversity between the Kotoring v : CF obtainod 
.y J&uoury et al ar.^ the ’ oc.-Li-Uon results of this investigation, It 
Is reooLKei.-.>ed that fcore firirg data be collated on the 2y n engine to 
(1) aback previous date or (2) deterrim if the charges itade on the angina 
durir this inveatigstio; . will have any affect upon FJX1 firing* 

The rut bar contact typo oil saals in ell three engines should be 
replsoed by a nor-oortteot oil seals If thin is ir^ertakan another serias 
of asotorirr date should b© collected to compare wltfc the results of this 
thee is e 
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*. a. engine. 

A - CON OITI ON - COMPLETE ENCINC 
T - |«0*F T 4 = 150*F 
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RUN 


R PM 


s 


j' 


J 


h' 


h 


T. 


Tx 


f 

t 4 

I 


-r« 


7>' 


Tr 


Tf' 


Ts 


> 7 

MKP 


PINAL 

mBP 


A- 1 


480 


24 O 


-3.9 


6.1 


6.1 


4.9 


170 


176 


146 . 


146 


120 


12 1 


176 


160 


17.6 










-3.9 


6. 1 
6. 1 


5*. 3 


4.7 


tao 


160 


160 


149 


rx I 


122 


173 


180 


16.87 










-3.9 


6 3 


4.7 


160 


160 


15 1 


ISI 


1*27 


128 


173 


180 


16.07, 


16.07 


A-Z 


950 


460 


-3. 9 


6.1 


4.7 


5.3 ; 


160 


160 


ISO 


ISO 


140 


14 1 


176 


178 


19.00 | 










-3.9 


6.1 


4.7 


5.3 


160 


1 60 


150 


ISO 


14 1 


142 


177 


179 


19.00 


19. OO 


A-3 


1440 


72 O 


-3.9 


6.1 


4.2. 


5.6 


160 


160 


ISO 


ISO 


164 


1 5 S’ 


161 


163 


20*50 










-3.9 


6.1 


4.2 


5.6 


160 


160 


161 


ISI 


154 


1 S’? 


161 


163 


20.50 


20. 50 


4 

1 

< 


192 0 


9 « O 


-3.9 


6.1 


3. « 


6. a 


175 


1 76 


149 


148 


164 


1 6S~ 


162 


184 


22.2 0 










-3.9 


6. 1 


3. 8 


6. a 


180 


1 80 


ISO 


ISO 


164 


1 6 S' 


185 


185 


22.20 










-3. 9 


6.r 


3. 8 


c. a 


180 


160 


ISO 


150 


164 


1 6 5” 


163 


185 


22.20 


22.20 


> 

l 

U\ 


2400 


1200 


-3.9 


6. 1 


3.2 


6.0 


1 60 


190 


isz 


152 


1 75 


177 


186 


166 


24.40 










- 3. 9 


6. f 


3.3 


6.7 


13 O 


150 


ISO 


ISI 


\7S 


177 


166 


166 


24.0 0 










-3.9 


6.1 


3.3 


6.7 


130 


190 


150 


ISO 


ns 


177 


166 


168 


24.00 


24.00 


A-6 


2890 


1440 


-3.9 


6.1 


2.7 


*3 


16 f 


16 1 


1 50 


ISI 


103 


18 5" 


187 


(89 


26.20 










-3.9 


6.1 


2. 7 


7. 3 


1 60 


161 


151 


IS3 


164 


188 


187 


189 


26.20 










-3.9 


6. 1 


*.7 


7.3 


176 


160 


ISO 


153 


134 


166 


166 


186 


26.20 


26.20 


A-7' 


34 OO 


1700 


-3.9 


6.1 


1.6 


3.2 


160 


160 


IS- 3 


ISA 


192 


1 94 


100 


190 


2 9.40 










— 3. 9 


6.1 


1.3 


6.2 


100 


181 


ISI 


154 


153 


19 S' 


169 


19 1 


29.40 










-3.9 


6.1 


1.9 


6* 1 


18 1 


182 


160 


1 S3 


193 


OS' 


1 90 


1 9 2 


29. lO 








, 


-3.9 


6.1 


1.9 


a. i 


f ai 


162 


150 


152 


193.5 


08 


190 


1 92 


29. 10 


29.10 


NOTE : 


A-7' 


MAXIMUM SPEED 


RUN 




SCALE. 


ZB RO 


AT -10.0 




h‘ SCALE 


ZERO 


AT 


10.0 







SAMPLE CALCULATION 

2i" G. S. ENCINE RUN A - I 28 APRIL I9SI 

k» h « ME P 
7.59 » 49 •= 17.5 RS.I. 



h - SCA LE READING 

D/NAMoM&TEB SCALE COM8TANT 


D 7 N A MO M ETE R 


SCALE. CONSTANTS 


ENG 1 N E 


k 


" 


3. S3 


4" 


3.2 3 


6° 


3.89 



SON 


RPIA 


S 


d' 


d 


h' 


h 


A*- 4 


192 0 


SCO 


*“3.9 


6 1 


4.4 


5.5 








-3. 9 


4.1 


4.5 


5.5 








-3. 9 


5.1 


4.9 


5.5 


A*-5 


28 SO 


1440 


-3.0 


5. 1 


3. a 


6.S 








-3.9 


5. 1 


3.2 


5.5 








-3.9 


5. 1 


3.2 


5.5 


A*- 4 


1920 


950 


-3.? 


5. | 


4.5 


5. 5* 


a*- a 


960 


4 SO 


-3.9 


5. 1 


5. *7 


4.3 








-3.9 


5. 1 


5.7 


4.3 




d # SCALE ZERO AT 


- 10.0 








!>' SCALE IKK O AT 


10.0 







T. 

I 84 

IS* 
IB 3 

ISO 

17* 

ISO 

17* 

ISO 

ISO 



i 



TABLE 3X 
Z-t" 6. S. ENGINE 
fik* CONDITION - COMPLETE 
T,= 1 80* F T^iycfF 



I M Ay 19 5 1 



T x 


-TV 




<>' 


184 

185 
183 


i sa 

152 

152 


150 

151 

ISO 


144 

145 
145 


1 80 
178 
180 


152 

14 * 

153 


IS 2 
147 

1 ST. 


152 
15 5 
155 


1 78 


152 


152 


153 


180 

180 


162 

152 


149 

149 


139 

139 



ENGINE - SHAFT OIL SEAL REMOVED 



FINAL 

1*2 P mEP 

14 5* 20 . lo 

14 7 19.75* 

14 7 19.75 19 . 75 * 

163 24 . 4-0 

166 24.40 

l <7 24.40 24.40 

ISA- 10 . 75 * CHECK 

14 0 15.4 5 * 

14 0 15.45 IS'. AS' 



<7 



Ru N 


KPP\ 


S 


d' 


J 


h' 


8-13 


460 


240 


-a. 9 

-3.9 

-3.9 

-3.9 


5. 1 
5. 1 
C. ( 
5,1 


7.4 5 
7.4-0 
7 50 
74-0 


B-ll 


4 50 


240 


-9.3 
-9.3 
- 9 S 
-925 


0.7 

0.7 

o.7 

0.7 S 


,7.4 5" 
7 40 
* 50 
74 5 


8 -ZI 


950 


450 


“ 9. z5 
-9.2r 
-9.25 
-9.25 


0.75 
O, 75 
0.75 
0.75 


<.4S" 

f.35 

5.40 

<.40 


8-13 


950 


430 


-5.95 

-3.90 

-3.75" 

-3.75" 


C./S 

C. IO 
5.2 5 
5.2 5 


<.30 
<. 30 
<. 30 
<• 30 


6-2. 5" 


950 


430 


♦12.5 
♦ 12.4 


22.5 

22.4 


<.30 
<.3 0 


B-S*' 


2.400 


120 O 


♦ 12.5 
♦12.5 


22. 5 
22.5 


4 .*5 

4-.B 5 


8 - S3 


Zfod 


12 0 0 


- 3. 9 
-3. 9 


5. / 
5,/ 


5.10 
5. lo 


B -51 


Z4oo 


1200 


-9.2 
- 9.2 


O. 9 
0.9 


£./S 

£./£ 



8-15 4*0 


240 4 1 2 . O 


22 .O 


7.+ 




♦ 12.0 


22.0 


7 4 




♦ IZ.O 


22.0 


745 




♦ 12.0 


22.0 


7.45 



8-35 1440 720 


♦/ 2.5 


22.5 


5.90 




4 | 2 . 5 


22.5 


5.90 




412.5 


22.5 


5.90 


5 SCALE ZBTRO 


AT -10.0 




h' Scale zero 


AT 


10. o 





h 

, 2.55 
2. SO 
2. SO 

2., CO 

2.55 

2. CO 
2. 50 
2.55“ 

3.55 
3.55 

■3X0 

3X0 

3.70 

3.7 O 
3.7 0 
3.7 0 

3.70 

3.70 

5.0 r 
5.o5 

4.90 

4.90 

4*; 85 

4.85 



2.5 

2.5 

2.55 

2.55 



4. ro 
4. IO 
-4.10 



TftBLE HI 
2£" 0. S. ENGINE. 

B' CONDITION - CRANKSHAFT , ROD AND PISTON- BEFORE ALTERATION 
“FT- I 0O # F T* - I SO*F 
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T, 


TL 


Ti 


T< 


Ty' 


It o 


18 2 


ISO 


, 148 


130.5 


I to 


192 


r so 


14 9 


1 30.5 


ISO 


182 


1 50 


148 


130.5 


ISO 


182 


l 50.5 


. 148.5 


130.5 


It 1 


184 


1 so 


! 148 


130. 5 


(to 


182. 5 


I 60 


. 148 


131 


ISO 


18 4* 


ISO 


148 


It 0.5 


ISO 


189.5 


ISO 


145 


130 . 5 


i ro. 5 


184 


ISI 


14 9 


145 


190.0 


18 3 


iso 


148 


144 


130.5 


184 


149.5 


148 


144.5 


190.0 


183 


1 50 


148.5 


144. 


181 


182 


ISI 


ISO 


143 


150 


182 


1 S O . 5 


ISO 


143 


179 


179.5 


ISO 


149 


1 43 


179 


179 


ISO 


14 8.5 


145 


180 


15 2 


149 


147 


143 


150.5 


182 


150 


148 


143 


179 


| 80 


151 


ISO 


177 


180 


I8| 


15 t 


14 9.5 


178 


181 


155 


ISO 


14 9.5 


179 


191 


182 


ISI 


ISO 


180 


180 


183 


ISO 


149.5 


iro 


180 


1 83 


1 48 


148 


180 
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19 51 




182 


153 


152 


ISO 


129 


1 TO 


182 


152- 


ISO 


l**8 


1 80 


ISI 


IS / 


ISO 


128 


179 


ISO 


150 


149 


125 


14 


FEB*0*1ty 


1951 




I 82 


184 


ISO 


148 


153 


ISO 


182 


15 2 


ISO 


1 54 


) 80 


l«l 


1 5 1 


14 9 


IS 4.5 



1 




4 




FI nAL 




Tir' 


“T> , 


FABP 


MVEP 


131. 5 


179 


181 


9.15 




131.5 , 


179 


18 1 


9.34 




131.5 


179 


18 1 


6. 9S 




131.5 


179.5 


181 , 


9.34 


9.2 0 


131.5 , 


179. 5 


1 81 


9.15 


♦ 


132 


178.0 , 


180 


9.34 


1 


)3». 5 


179 0 t 


1 8 1 


6.95 


♦ 

1 9. iff 


131.5 


178.0 


181 


3. 15 


MS 


182.5 


18 5 , 


12.75 


1 


148 


18 1 


1 S3 


13.10 




14 5.5 


is 2 


1 54 


12.92 




145 


181 


1 83 


12.92 


12.92. 


144 


182 


184 


13.29 




144 


181 


It3 


13.29 




144 


179 


18 1 


13.2 9 


13.29 


144 


178 


180 


13.29 


144 


1 SI 


/ 83 


13.29 


1 


144 


181 


18 3 


13.29 


13.2 9 


179 


183 


155 


18.13 


\ 


180 


183 


I8S 


18.13 


IT. 13 


|8f 


188 


189.5 


17.50 




15 2. 


1«7 


184.5 


17.50 


17.60 


181 


158 


191 


17.4 1 


\ 


182 


197 


189.5 


17.4 1 


17.4 1 



130 


179 


180 






129 


175 


1 79 






12 9 


177 


176 


822 




129 


17 5 


177 


9.2 2 





1 54 


IT3 


185 


1^.70 


1 S 5 


152 


104 


H. 70 


155 


18 1 


103 


14. 70 M.70 
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14 FEB RUARy 


1951 












?INAL 

fAEF 


RUM 


RPm 


s 


r 


d 


h' 


h 


T t 


Ti 


-T* 


TV 


r,' 


T 7 


T r ' 


T3 


ME. 


B-33 


1440 


7X0 


-3.4 

-3.C 


C.4 

6.4 


5.90 

£.90 


4JO 

4. 10 


180 

180 


180 

131 


130 

ISO 


14 9 
143 


155 

155 


157 

157 


181 
1 32- 


113 

164 


14.70 

14.70 


14.70 


B-91 


•440 


720 


- 9.3 
-9.3 


0.7 

0.7 


4.90 


4*1° 
4. IO 


180 

180 


182 
18 1 


150 

ISO 


M3 

149 


155 

155 


157 

157 


18 2 
/ 80.3 


184 

163 


14.70 

14.70 


14.70 


B-41 


1 910 


9 60 


-9. 1 

-a 1 


0.3 

OS 


SAS 


4, CO 

4.55 


ITS 
/ 80 


/3 F EBRO ARy 
135 I SO 
183 ISO 


1951 

143 

148 


US' 

I6S 


166 

166 


150 

180 


162- 
16 X 


J5. 50 
15.50 


IS. SO 


H-43 


1920 


960 


-3.S 

-3.3 


6.2 

6.2 


S.4Q 

5.40 


4.50 

4.50 


178 
1 80 


\ 7 * 

1 81 


150 

150 


148 

143 


US. 5 
US. S 


167 

167 


173 

130 


16 1 
16 2 


1550 

15.50 


1C 50 


B-65 


900 0 


1500 


♦ 12.6 


22.6 


4. 30 


5.70 


1*0 


13/ 


150 


150 


190 


152 


186 


166 


20.4 4 


20.46 



d # SCALE. ZERO AT -IO.0 

S' SCALE ZERO AT 10.0 



Ncrrjr; im run designator Letter indicates condition ok asse^bl* 

FIRST NOIAftfcR INDICATES 

SECoJND NUMBER INDICATES COOLING WATER FLOW RATE A 9 l 



/ — O.OS’ # /jKC 

Z. — O. I O ^*>6e C. 

3 - o. /3 **>£ec. 

4 - o.ao */jec. 

5 — 0.3 O ^/sic. 



I 

I 

I 



I 



I 



TABUE Xg 
2£“ 6. S. ENGINE 

B CONDITION- CRANKSHAFT, ROD , AND PISTON - AFTER ALTERATION 
T|»««0*F -T4»»ffO # F 



27 APRIL |95l 



RUM 


RPM 


5 


J' 


d 


fc' 


h 


T, 


T* 


! ! 

143 


T« 


T/ 


T> 


* 

V 


T« 


MEP 

-H 


PINAL 


B-l 


45 0 


240 


-3.9 


6.1 


6.9 


3.1 


l 80 


160 


147 


l 14 


M 5 


175 


177 


n. 10 










- 3. 9 


6. / 


-7.2s 


2 . 7.5 , 


160 


16 O 


. J 50 


1 49 


123 


124 


176 


•78 


9.66 


i 








- 3.9 


• 1 
G.f 
5. 1 


7 30 


2.70 . 


162. 


162 


ISO 


146 


125 


126 


J 79 


IS 1 


8.70 










— 3. 9 


7.40 


2.60 


16 f 


I 6 1 


1 50 


1 46 


127 


126 


179 


16 1 


9.35 










- 3.9 


7.4 0 , 


2.60 1 


160 


160 


150 


140 


127 


126 


176 


ISO 


5.3T 


i 








-3.9 


6. 1 


7 40 


2.60 , 


160 


160 


1 50 


146 


127 


1 2 6 


176 , 


18 0 


9.35* 


9.35 


B-2 


960 


460 


- 3.9 ; 


6.1 


£.35* 


3. 65 j 


1 8 0 


160 


150 . 


149 


144 , 


145 


17 7 ! 


• 79 


13.10 


1 | 

1 , 








-3.9 


f. 1 


6.3 5* ! 


3.4 5 


f 6 0 


16 0 


1 5 J 


149 


145 


145 


177 


• 79 


13.10 


• ! 








-3.9 


6.f 


6.50 , 


3.40 


160 


ISO 


1 50 


/ 49 


145 


146 


177 


179 


>2.20 


1 




4 




-3.9 


Cl 1 


6-60 


3.40 


160 


IS 0 


1 30 


1 49 


144 


145 


177 


179 


12.20 


1 

! i 








-3.9 


6.1 


6.45* 


3 .55* 


160 


ISO 


ISO 


149 


146 


147 


177 


179 


12.7a. 12.72 


B-3 


1440 


720 


-3.9 


6.1 


5.80 


4.2 0 


160 


ISO 


1 SO 


149 


157 


156 


179 


181 


15.00 


1 

1 

1 1 








-3.9 


c.r 


5.70 


4.30 . 


f 8 0 


10 0 


ISO 


149 


f56 


I 59 


r7fl . 


ISO 


16.42 










-3. 9 


6.1 


6.75 


4. a 6* 


J 6 O 


160 


ISO 


149 


159 


160 


176 


180 


15.26* 










-3.9 


6.1 


5.90 


4.20 


ISO 


160 


ISO 


149 


159 


J 6 0 


178 


180 


IS.O0 


1 S .06 


B-4 


1920 


86 0 


-3.9 


6.1 


5.30 


4.70 


179 


179 


ISO 


150 


173 


175 


160 


182. 


16.66 










-3.9 


6.1 


5,20 


4.00 


16 0 


160 


ISO 


150 


1 75 


177 


160 


16 2 


17.20 










-3. 9 


6. 1 


6.80 


4.70 


ISO 


ISO 


ISO 


ISO 


157.5 


170 


18 1 , 


• 63 


16.66 










-3.9 


6. | 


5.40 


4.60 


no 


1 60 


iso 


150 


\C* 


170 


16 1 


IS3 


16.50 


15.50 


ao 

i 


3400 


1200 


-3. 9 


6.1 


5. JO 


4.90 


16 1 


180 


ISO 


ISO 


IS 3 


185 


163 


165* 


17.60 


» 








-3.9 


6.1 


5.40 


4.60 


190 


160 


149 


148 


175 


178 


10 3 


185* 


16.50 










-3. 9 


6.1 


5.40 


4.60 


ISO 


160 


ISO 


150 


172 


174 


no , 


182. 


16.6 0 










-3. 9 


6.1 


6.40 


4.60 


180 


ISO 


150 


150 


174 


176 


160 


182. 


16.50 

I 


16.50 , 


B-« 


36 8 O 


1440 


-3.9 


6J 


6.20 


4.6 0 


176 


176 


15 1 


15/ 


ISO 


162 


182. 


164 


17.26. 


? 

I7S2 








-3.9 


6. 1 


5 20 


4.6 0 


173 


ITS 


150 


ISO 


16 1 


163 


163 


169 


1722 


B-7 # 


3000 


1500 


-3. 9 


6./ 


5. JO 


4.90 


160 


iso 


ISO 


ISO 


IS A 


16 € 


186.5 , 


/ 89 


17.60 










-3.9 


6.1 


5. 1 0 


4.90 


1 60 


ISO 


ISO 


l5*0 


164 


166 


186 


168 


ir 60 


/ 7 60 


NOTE.: 


B-7 1 


MAXIMUM SPEED RUN 


















• 




f 




4* SCALE ZERO AT 


-10.0 




















1 








h ' SCALE ZERO AT 


10.0 
























i 



I 



t 



t 



R U hJ 


R?l* 


6 


h' 


<*- 2 . 


960 


480 


7.0 
7 . 1 
7 . 1 


c *-5 


2400 


120 O 


6.4 

6 . S' 








6.6 



h*te; in c* condition 



C - 2. 


960 


480 


r.sr 

6. 8S 
6. 8 5 


C- 3 


14 40 


720 


6.60 

6.60 

6.60 


C-4 


1920 


360 


6.40 
6.4 0 
6.40 


C- S 


2400 


120 O 


6. IO 
6.ZO 
6.20 


C- 6 


2*80 


1440 


6.00 
6. IO 
6. IO 


C-7' 


3120 


If^O 


6.00 

6.00 

6.00 

* 


C- / 


4 BO 

1 


240 


i 7.50 
7.60 
7.60 
7. 6 6 
7T65 - 



MOTE ; C - 7 ' 



h 


-Ti 


T« 


< 


3.0 


154 


| 50 


1 1 6 


a. 9 


14 6 


1 46 


132 


2.9 


150 


149 


133 


3.6 


15 / 


150 


162. 


3 . S' 


151 


150 


166 


3.4 


1 6 1 


150 


169 


3.4 


15/ 


ISO 


16* 


LE. R 


WAS 


RE MOVE D 





3.15 


1 50 


149 


12*7 


3. 15 


150 


1 4- 9 


13 7 


3.15" 


160 


150 


#37 


3.40 


15 1 


149 


147 


3.40 


ISO 


149 


14 8 


3.40 


ISO 


#49 


149 


3.60 


ISO 


149 


162 


3. 60 


146 


146 


162 


3.60 


148 


146 


164 


3.60 


150 


149 


164 


3.00 


ISO 


143 


176 


3.30 


150 


149 


176 


3.30 


ISO 


149 


176 


4.00 


ISO 


ISO 


186* 


4.00 


ISO 


ISO 


IBS' 


3.90 


ISO 


150 


ies 


4.00 


150 


149 


1 90 


4.00 


ISO 


150 


1 90 


4.00 


ISO 


ISO 


I 90 


2.50 


IS 3 


ISO 


113 


2.40 


15/ 


150 


IIS. 5 


2.40 


150 


14 8 


1 #* 


2.36 


150 


148 


113.5 


2.36 


ISO 


148 


119.0 



MAXIMUM SPEED RUN 



k ' 3«A LE 



TABLE TT 
2x' G.S. ENGINE. 

C CONDITION - CRANKSHAFT AND IDLER 
77 * I80*P 15 - IffO'F 

21 APRIL l»5l 



<7 


REP 


FINAL 
Nvfc P 


117 


1 0.77 




133 


10.40 




134- 


10.40 


#0.40 


163 


12.90 




167 






169 


17.20 




169 


12.20 


12.20 



1 36 11.30 

138 11.30 

138 11.30 II. 3 0 

14 8 12.10 

149 12.2.0 

150 12.20 12.2.0 

1 63 12.90 

l«3 12.90 

I 6 6 12.90 

I <6 12.90 IZ.9 0 

176 1 4.30 

I 76 13. SO 

176 13.40 13.60 

1 87 14.35' 

18 7 14.00 

187 14.00 14.00 

I 9 2 14.35 

192 14.38 

192 14.3 S 1 4. 35” 

23 APRIL 19 5 1 
114 6.97 

117 , 8.6 1 

119 . r.6f 

120 8.44 

120 8 . 44 - . 8.44 

to AT 



10.0 



1 



EON 

A-* 


n?m 

9oo 


s 

72 0 


d' 

? 

- z.o 

-Z.o 

- Z.o 
“2.0 


A- 4 


1200 


950 


— 2.0 
— 2.0 
-2.0 
-2.0 
-Z.O 


A -S' 


1500 


1X00 


-2.0 

-Z.O 

-2.0 


A-* 


IfOO 


1440 


-2.0 

—2.0 


A-7 


XI OO 

t 


15*0 


-2.0 

-2.0 

-2.0 


A-Z 


coo 


4*0 


- 2.0 
-2.0 
- 2.0 


A- 1 


3oO 


Z40 


-2.0 
-Z.O / 




d' SCALE ZERO AT 
h* scale zero at 



d 


K' 


h 


T, 


5.0 


3.3 


5.2 


1 7f 


6.0 


4.0 


5.0 


17* 


6.0 


4.0 




17* 

1 


6.0 


4.1 


5.9 




6.0 


2.2 


i 

5* 


;*o 


6.0 


9.2 


c.r 


>3 1 


6.0 


X* 


5.7 


>31 


6.0 


3.4 


5.4 


1 TO 


6.0 


3.4 


6.6 


>30 


6.0 


z-7 


7.3 


>30 


6JO 


Z. * 


7.Z 


130 


6.0 


2.S 




ISO 


6.0 


z.o 


*.o 


I TO 


6.0 


Z. o 


*.0 


1*0 


6.0 


1.0 


9.0 


1*0 


6.0 


I.S 


*.S 


1*0 


6.0 


1.6 


f, S 


1*0 


6.0 


1.6 


T.6 


>30 


6.0 


4.r 


6.6 


17* 


6.0 


4 S' 


56 


1*0 


6.0 


4. S 


6.6 


1*1 


6.0 


s.5 


4.4 


1*1 


6.0 


5.6 


4.4 


1*1 



- 8.0 
10.0 



i 



» 



TABLE *YL 
V* C. 5. ENGINE 

A CONDITION - COMPLETE ENGINE 



Tj- iao*F 




tro’p 






13 


may 

r 


1*5 I 

1 


■TV 


f 


PINAL 


T* 


4a 


TV 


aep 




17* 


14* 




l«4 


20.4 




17* 


iso 


14 9 




19.7 




>73 


145 


145 


nr. S 


19.7 




13 O 


1 50 


150 


168 


19.36 


1 9.3 S 


iro 


ISO 


iso 


171 


22.3 . 




in 


> *5 1 


ISO 


I7Z 


2 2.3 




1*1 


160 


ISO 


173 


22.0 




130 


ISO 


ISO 


173 , 


21.0 




130 


150 


ISO 


173 


21. 5 


21.40 


130 


ISO 


1 so 


1 88 


Z3.9S 




1*0 


152. 


1 52. 


188. S 


zrs.6 




130 


160 


>50 


1 tr.ff 


33.6 


29.40 


>30 


1 SI 


IS) 


♦ 

202 


XS.ZS 




ISO 


ISO 


ISO 


202 


25.2* 


25.2* 


ISO 


1*4 


154 


20* 


29 . r 




>30 


154 


is4 


2*0 


27.9 




1*0 


IS 4 


IS 4 


2.10 


27.9 




1*0 


IS 4 

1 


IS 4 


210, 5 


27.9 


27 .90 


17* 


(4* 


14* 


153 


l*.o 




• 1*0 


ISO 


ISO 


1 S3 


1 *0 


13.00 


1*1 


ISO 


ISO 


163.5 


1*0 


1*1 


ISO 


iso 


14 3.0 


14.4 




1*1 


ISO 


ISO 


143.0 


14.4 


1 4.4 0 



I 



i 



RUN RPtA 

B -4 I 200 

e- 3 900 

B- 2. 60 0 

B- I 3oo 

8-6 190 O 

B - 5 I SoO 



s 


d' 


950 


- 2 . r 
-z.r 

-2. 5 
-2.5 
-2.5 
-2.5 
-2.5 


72.0 


“2.5 

"2.5 


4 80 


-2.5 

"2.5 

-2.5 


240 


-2.5 

-2.5 

-2.5 


14 40 


“2.5 
-2.5 
-2. 5 
-2.5 


1200 


-2.5 

5 

“2.5 

-2.5 



d 


h' 


5.5 


4.0 


5.5 


4. 3 


5.5 


4.5 


5.5 


4.7 


5.5 


5.0 


5. 5 


5. O 


5.5 


5.0 


5.5 


5.G 


5.5 


5.4 


5. 5 


5.2 


5. 5 


5. 1 


5. 5 


5, / 


5 5 


7. 0 


5.5 


5.9 


5.5 


6.0 


5 5 


4.6 


5.5 


4. 2 


5.5 


4.2. 


5.5 


4.2 


55 


5. / 


55 


5.0 


5.5 


4.9 


5.5 


4.9 


-e.o 




10.0 





d' SCALE ZEItO AT 

h' scale zeko at 



f \ 

\ t 

I 
I 



I 

I 

I 

I 

t 



\ 

t 

I 

k 



h 

6.0 

5 . 7 
5*. 5 
*.3 

5.0 
5.0 
s. o 

4.4 

4.4 

3.6 

3.6 

6.6 

3.0 
3. I 
3. I 

5.5 
£6 

6. a 

s.e 

4.9 

5.0 
5./ 

5.1 



TABLE yTT 
4* S.5. ENGINE 
B CONDITION - CRANKSHAFT, ROD, AND PISTON 





t;= i«o*f 


Ti-150 


•F 








26 


MARC H 


195/ 








T, 












FI MAL 


Tjl 


T* 


T« 


T y 


MEP 


M\EP 


173 


1 73 


149 


(46 


1 74 


19. 7 




1 76 


1*76 


1 5 I 


15 1 


176 


18.7 




179 


179 


145 


147 


1 75 


1 8.0 




160 


160 


1 54 


154 


175.5 


/7.4 




16 2a 


l 62 


J 50 


150 


177 5 


16.4 




162 


1 62 


1 60 


1 50 


176.5 


|6.4 




18 1 


1 6 1 


ISO 


1 5o 


178.5 


16 .4 


K .4 


179 


i 79 


ISO 


ISO 


165 


14.45 




160 


1 6 0 


1 60 


ISO 


166 


14.45 


14. 4S 


/ 60 


ISO 


1 50 


1 so 


157 


12.48 




160 


1 6 0 


1 48 


1 4 8 


/ 5 6. 5 


12.80 




16/ 


1 6 / 


ISO 


1 50 


156.5 


12.60 


iz.BO 


160 


1 60 


1 SO 


ISO 


148 


9.65 




16 1 


1 60 


1 so 


14 9 


147 


10.20 




16 t 


li o 


ISO 


ISO 


146 


10.20 


10.2 


ISO 


1 60 


l SO 


ISO 


192 


16.0 




160 


160 


ISO 


ISO 


f 9 7 


1 9. I 




ISO 


ISO 


ISO 


ISO 


190 


19. / 


19. 1 


ISO 


16 O 


ISO 


1 49 


196 


1 9. 1 


160 


1 60 


167 


IS 6 


192.5 


16. 1 




16 1 


16 1 


1 50 


ISO 


169 


16.4 




/el 


16 1 


1 60 


ISO 


190 


1 6.72 




16 I 


18 1 


150 


ISO 


190 


/ 6.72 


ltf.72. 



n 



RUN 


ATM 


3 


s' 


h 


“T4 

t 

152 


T* 


4 

1 

o 


12.00 


9*0 


7. 1 5 


2.95 


149 








7. 1 & 


Z. 35* 


152. 


ICO 








7 . 1 5 


2.3 5 


150 


149 


c-5 


15*00 


*2.00 


7.00 


3.o<» 


If© 


143 








6.9S 


*.o5 


151 


ISO 








7.00 


3. 90 


150 


149 

1 


C-S 


1300 


(440 


I 

7.00 


3.oo 


152. 


1 

, IS 2 








• 7.00 


3.00 


152 


IS2 








, 7.00 


3.00 


150 


ISO 


C- 1 


300 


2.4 o 


9.IS' 


1.35 


ISO 


145 








ar.tS 


1.95 


150 


I4C 


C- 2. 


COO 


4 90 


7.40 


2. CO 


150 


I4S 








7.4-o 


2. CO 


152. 


145 








7.40 


2. CO 


152 


145 


C-3 


900 


710 


. 7. IO 


2.90 


iso 


145 










2.90 


ICO 


l4C 










2. 90 


ISO 


I4C 


c-7 


2.10 O 


1590 


tf. 8£" 


3.15 


149 


149 








4.7 S' 


3. /5 


ISO 


149 








£.7 £ 


3. *5 


ISO 


ISO 



C- 5 


*Soo 


1 2.00 


7.00 


^3.00 


149 


148 








7.oo 


3.00 


1 50 


149 


i 

C- 7 






7^5 


7.95 


ISO 


149 


2.10 O 


If »© 


7.00 


3.00 v 


ISO 


1 49 








7.0 0 


3.00 


|SO 


149 



I 

h 1 SCALE ZERO AT 10.0 



TAILS. gg 
4" d,S. ENGINE 

C CONDITION - CRANKSHAFT AND IDLER 
T7 «- I60*F ~Gs * 15*0"F 



TV 


2 rv\A*cH IS 5 1 
FI N AL 

mEr mEP 


1C 9 
IC9 
IC9 


ft. '55' 
9.3 S 
9.3 S 


t 

9.35 


179 

179 

179 


9. 86 
10.00 
9.9S 


1 

9 .85 , 


19 1 
19 1 
19! 


9.86 
9.86 
ft 96 


9.75’ 


132 

>32 


4.o4 

S.oS 


4.06 


142 
14 Z 
142 


8.54 
8. 54 
7. 64 


8.54 


>S4 
1 5 5^ 
*55. 5 . 


9.52. 

9.3.0 

9.1.0 


* 


200. 5 

zoo. 5" 
200. 5 


10.31 

10,31 

10.85 


10.32 



3 taAPCH 195 I 
175 3.95" 

175.5 9.95 

1*7*. 5" 9.70 9.35* checks 

199 9.95 

19? 9.3 5" 9.95 



CHECKS 



RU.I R1»N\ 
A-Z 400 

A-3* 700 

A-S IOOO 
A- 6 1 13 00 

A-7 1400 

A - I 200 

note: A -z' 



s 




460 


3 

5.3 


640 


€.2 

5,3 


IZOO 


4. 3 
4. 3 

4.3 


1560 


6.3 

6 3 

4. 3 


1660 


4 . 3 

6.3 

4.3 


1 

140 


6.3 

6.3 

6.3 



k' 


h 


5 . 1 o 

S.IO 


4.90 

4.60 


ooo 


5:40 


4.00 

4.00 
4.00 


C .00 

6.00 

6.00 


ooo 

Ntt 


ooo 

»\*>s 


3.10 
3.00 

3.10 


6.9 0 
7.00 
6 90 



£.40 


4.40 


9 • % V 


4,40 


£.40 


-4.40 



T| 

i« i lei 

i« i i el 

iso iso 
160 160 
160 160 

180 160 
160 160 
180 160 

160 160 
160 160 
160 160 

190 180 

160 160 
160 160 



l«0 160 

1 62 162. 

IB I 161 

*PM 



ENGINE HUNTED AT 600 



A-«* 



ENGINE HUNTED AT 



12. O 0 RPM 



I 



h' SCALE ZERO AT 10.0 



I 



t 



I 



| 



i 



t 



I 



* 



-H 3> 



TABLE IX 
6 M «. S. ENGINE 
CONDITION - COMP L ETE ENGINE 
- I60*F T* * l50*F 

20 A?HIL 10 51 



PINAL 



T* 


TV 


T> 


MEP 


MEP 


149 


150 


155 


1®. IO 




14 9 


15 1 


155 


I8.75 - 


IR75" 


1 GO 


IS 3 


1 72. 


Zl.OO 




150 


162. 


1 73 


2.1,00 




150 


1 5Z 


173 


Zl.OO 


Zl.OO 


149 


ISO 


192 


Z3.40 




149 


ISO 


192. 


Z3.40 




149 


ISO 


193 


Z3.40 


Z6.40 


1 50 


isri 


2.0 “7 


2 6.50 




150 


is 1 


2.10 


2.670 




150 


I6l 


XI 1 


1S.70 


16.70 


161 


IS 1 


zi s' 


Z6.BO 




l£ Z 


1 52 


21 5 


17.7.0 




IS 4 


154 


ZI s 


76*0 


K. 80 


1 


N\A / 


1951 






155 


145 


125 


17. IO 




150 


150 


124 


IT. IO 


17. IO 


\£0 


150 


127 


17.10 



6 



I 



RUN 


R Ptf\ 


6 

t 


d 


B-3 


600 


720 


6.3 

6.3 

6.3 

6.3 


B-4 


800 


960 


6.3 

6.3 

6.3 


6 -5 


#0 00 


1200 


6.2 

6.3 

6.3 


8- € 


120 0 


1440 


6.3 

6. 3 


e-3 


6 00 


720 


6.3 

6.3 


B - 2. 


-400 


480 


6.3 

6.3 

6.3 


8 - # 


200 


240 


6.2 

6.3 

6.3 

6.3 



h' SCALE ZERO AT 



K' 


h 


Tt 


T* 


6. 5-0 


5. SO 


1 60 


1 60 


6. 60 


3.40 


182. 


182 


6. 50 


3. SO 


1 60 


160 


6. 50 


3. SO 


160 


160 


6. 15 


3. 85 


176 


176 


6. 40 


3. SO 


IS 2 


IB 2 


6.40 


3 . SO 

1 1 


1 16 2 


182 


6. IO 


1 I 

3.90 


I 6 O 


1 6 0 


6. IO 


3. 90 


16 O 


ido 


6. IO 


3.90 


IS O 


160 


5. 70 


4.30 


ISO 


160 


6. 70 


4.3 0 


t6 o 


160 


6.80 


3.30 


176 


#7« 


6. 75 


3 .25 


160 


18 O 


7. IO 


2. 90 


160 


180 


7. /O 


2.90 


1 8 O 


180 


7, tO 


2.9 0 


t 6 o 


180 


7. 70 


2.3 0 


/ 62 


1 62 


7.60 


2.40 


10 2 


16 2 


7. 50 


z.so 


IS o 


1 SO 


7 50 


z.so 


IS 0 


ISO 


10.0 
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table x 

S* «.S. ENCINE 

B CONDITION -CRANKSHAFT, BOD, AND PISTON 
T,-I60*P TV«I50*F 



6 APRIL 19 SI 

PI N AU 



T* 


i Tc 


t 7 


KVEP 


IA«P 


#50 


1 S 2 


178 


, I3« , 




f 50 


1 6 2 


177 


13.22. 




1 50 


1 6 2 


17 7 


1 3.4 




149 


1 5 1 


16 2 


1 3.S 


13.6 


#48 


148 


187 


15.0 




153 


154 


18 7 


I4.<5 , 




1 50 


150 


187 


14.0 


14.0 


1 50 


#60 


1 98 


IS.I a 




1 50 


16 1 


198 


IS. 16 




#50 


152 


198 


IS. Id 


IS.I 6 


#50 


151 


2o8 


14.7 




ISO 


15 1 


20 6 


Itf. 7 . 


IS. 7 


1 50 


IS 3 


#80 


12.45 




150 


153 


#78 


12.4 5 


12. <5 


149 


15 1 


166 


11.3 




#5 # 


152 


167 


II. 3 




#50 


IS 1 


16 7 


11.3 


1 1.3 


150 


153 


158 


8.9 5 




ISO 


153 


152 


9.3 2 




1 50 


152 


#6 1 


9.78 




ISO 


/5 2 


#48 


9.72 


9.72 






RUN 
C - I 



RPI4 



C -2 

C- 3 # 

c-4 

c-r 

C- 4 ' 

c-r 

C-l 
C- I 
note 



S 

200 2.40 

400 430 

700 040 

800 900 

IOOO 1200 

1300 1510 

1400 1530 

40 O 430 
loo 240 



H' 


h 


7 . rs 

7 . 00 

7. 90 
7.30 


2.15 

2.15 
z.io 
2.10 
z. 10 


7. 5*0 
7. SO 


7.^ 
2 . so 


7. ZO 
7.7.0 


2.30 
2 . r 0 
2.30 


7. to 
7. 1 0 
7. iO 


2.90 
2. 90 
2.90 


6.9S 
C.9 S 


3.05 - 

3 . 0 S 


s.ss 

s.ss 


3.3S 


c.co 

5.50 


3.40 

*3.40 


7 50 


i. SO 


7.90 


2. IO 



“T-i 


Ti 


1 CO 


150 


152. 


1ST. 


152. 


15 2 


15 1 


152 


152 


15 1 



1 50 
ISO 


0 0 


ISl 

IS/ 

ISO 


isr 

JSf 

iso 


150 

ISO 

ISO 


0 00 
*o w>u» 


1 SO 
ISO 


150 

ISO 


ISO 

ISO 


ISO 

ISO 


ISO 

ISO 


ISO 

ISO 


ISO 


iso 


ISO 


ISO 



' C- 3 f ; EN4INE 

i 

, C-C* ' ENGINE 

1 i i 

K SCALE ZERO 



HUNTE O 

J 

HUNTED 

a r io.o 



AT 

AT 



COO RFM 

I 

1200 R PM 



~™B i& **_ 

€ C.S. ENGINE 

C CONDITION - CRANKSHAFT AND IDLER. 
77 = l«0°P “I+- I 50*F 

21 MARCH I 8 S' I 
FINAL 



-Ty 


N\E P 


FAEP 


14 S 


0.3S 




MS 


a.3S 




145 


e. IS 




145. S 


6.16 




147 


ft. 14 


0.16 



2.3 lAARcH I 9 El 
155 9.7Z 

IS 9 3.72- 9.72 

172 10.90 

172 10.90 

172 10.90 1 0.90 

177 II. S3 
17 7 H«29 

177 S M.29 11.29 

It 7 11.77 

IV 7 11.77 11.77 

20 1 13.00 

20 I 13.00 13.00 

107 13.20 

20C,S\ 13.20 IJ.20 

150. 5* 9.7? CHECK 

1 49 9.15 CHECK 
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AFPSTVIX "A* 

Q. 3 1 7 ~I T ~G 

Actual and Relative jzes 



Actual bore 


2 . 500 * 


4.000” 


5.000" 


Relative tore 


1 a 000 


l.5oo 


2.400 


'troke 


5,000" 


4.300" 


7.200* 


Ji a placement Yol. 


14,725 in. 5 


50.518 ir,3 


205.57 in. 5 


Jonnooting Rod Length 


5.405* 


8.550 rt 


12.974" 


drank radius 


don. rod length 


0.2775 


0.2775 


0.2775 


Piston speed 


(0.5) (rpa) 


<0.3)(rj*0 


(1.2)(rpm) 
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V CONDITION OF ASSEMBLY 
FIG. A- 2 





"C“ CONDITION OF ASSEMBLY 
FIG. A- 3 
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FIG. A-E 

Schematic Diagram of Hydraulic Scale InstallQ' 
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!•) Viscous Priotlon 

Using Fetroff's erivation Cor thick flics Lubrications 

- _ f 

In a Gfloaatrioally similar System 
■s constant 

a 

L s ~or.st t 

D 

~ ^ l ? ‘ 

A * the same piston speed 

2 # ) Ooulomb friction 

?V. (toad Pressure) 1^*1 (Lo~ • r^s.su re) 

?d 

The friotion factor depends on surface finish and 
materials which should be the bssmb in similar engines© '.Iso 
in similar engines IMLP (or Load Pressure) is the same at 
same piator speed, Tharsfors, for sir?dlar engines operating 
at the same piston spe-^d the Coulomb PMF- should ba the same. 
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LUBRIJANTS 



In order to meet the similitude requirm-er-t that/Yl be the some 
for G.3, Engines, the viscosity of the oil uaed in eaoh engine wao. ad- 
justed by blending 3AE 20 and jAL 60 lubricants in the proper quantities. 
The oils uaed had the properties listed in the following table#^ 



Vlsooelty s.s.u. 



Engine 


100°?, 


150°?. 


2iQ ° r . 


Gravity 


2 4" 


5*9 


160,5 


52.8 


.88 


4* 


823 


559,0 


76.2 


.89 


6" 


1665 


627,0 


114.1 


•90 



2ompoaltlon t 

2 j* UH3A p 20 ("execo symbol) 

4" 54/* URSA F 60, 4 6% F 20 (By volume) 

6 " 95% URSA F 60, 5% P 20 " " 

These oils are a straight mineral oil, wholly paraffin base, distilled, 
with no additives. The above samples give the same value of/*/l at 250°F, 
This temperature was adopted in Ref, 1 as an attempt to eatiafy similitude 
requirements in all parts of the engine. 
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AT. TTiI\ 



WATT R f .tv ,T ~.AST’?- : 73 



The water flows were taeasured by means of AS'IE square edged 
orifices inserted in the line between the engine outlet and the 
water expansion tai-icn* The flow wbb coi trolled by a throttle valve 
inserted on the discharge aide of the water purop« 8 

Each orifice was calibrated and the results plotted in fige 8 
D-l, D-2, and D-% 

The flow rates actually used we ret 

ikl hi fL 

0 8 15 /seo* 0»554'VacQ 6 OaR^-V /soo 8 

These flow* w*re based on 0*024 /sec 8 /irt^ for oil engines. 
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si 



ftrr:mis "s* 

.? nr • T " \ r,% „ • , r o 



Ermine 


. 24 * 


4° * 


6 • 


Per* rke 


Lain Bearing (Qranicside) 


2,1195* 


5.5898" 


5,0850* 


few Bronze earirge 


Ore nice ha ft 


2,1170* 


5.5&50" 


5.0790* 


on 2$‘" erglno 


Olearanoe 


.0025^ 


0.0048* 


0.3G6Q* 




Jleerence/Bore 


0,0010 


0.0012 


0.0010 




y*in bearing (Flywheel) 


2.1195* 


£©t 

observed 


5.085" 


hew bronze bearirg 


Crankshaft 


2.1170* 




5.079" 


On 2a" engine 


Clearance 


0.0025* 


# 


0.006" 




Clearenee/Pore 


0.0010 


* 


0.0010 




OonRod Bearing (Large 
end ) 


l.*291« 


2,6l4* 


5.504* 


hew bronze oorrod 


Orankpin Journal 


1.6268* 


2.610* 


5.899" ** 


bearing on 2 $* 


Clears nee 


0.0025° 


0.004* 


0.005* 


engine 


Clears nce/Bora 


0.00092 


0.001 


0,000835 




Gama he ft Bearing (Gear 

end) 


11 ot 

observed 


'■ot 

observed 


3.575* 




Journal 


K 


B 


?o5?X B 




Clearance 
Clears rce/2ore 


* 


* 


0.004* 

0.0006* 




Camshaft Bearing (Fly- lot observed 'at observed 
wheel end) 


1.500" 




Journal 


It » 


IS t>. 


1.4;*’" 




Olearanoe 
Clear* nce/Bore 


it * 


A n 


0.002" 

0*00035 




* Date in this oolusm not observed by authors bat su 
frof. w. a © esry of Sloan Laboratory. 


; pll^d froze reoords of 



** Laboratory records ahow this dir.eneion to ?i ® 3.8982" whioh would t safee 

Jloarar.ce/yorR 0.00097 
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950 Oat 


2'F2T^ 


A3d5 Gee 


Tersion/Bor® 2 


1*3.9 


170.0 


127.0 


Lower (/oajpreeeion Ring 
T^r.fiion/Fore 2 


970 On* 

. 1*7,0 


2700 Gzaa 
1*5 


5675 Cite 
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Oil Ring 
r ’«P8ion/Bore ; 2 
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